Objectives-To examine the eVectiveness and cost-eVectiveness of two primary care based interventions aimed at increasing breast screening uptake for women who had recently failed to attend. Setting-13 General practices with low uptake in the second round of breast screening (below 60%) in north west London and the West Midlands, United Kingdom. Participants were women in these practices who were recent non-attenders for breast screening in the third round.
Following the recommendations of the Forrest Report in 1986, the United Kingdom National Health Service breast screening programme oVers 3 yearly mammography to all women aged 50-64 years. 1 The results from recent meta-analyses of the eVectiveness of mammography in reducing mortality from breast cancer in women are contradictory. 2 3 The current view in the United Kingdom is that mammography is likely to oVer some reduction of risk but that it is important that women make an informed choice as to whether or not they wish to attend. 4 The success of a screening programme is dependent on achieving high uptake among the eligible population. 5 Although the programme overall continues to reach the 70% uptake target, there is considerable variation across the United Kingdom. At the time of the study 18% of health authorities had an uptake rate of less than 60%, 6 most of which included inner city areas.
Several observational studies have reported that a primary care physician's recommendation can be the most influential determinant of uptake of mammography, [7] [8] [9] and hence it is plausible that interventions involving the primary care team could improve rates of uptake. Indeed, a letter from the general practitioner to recent non-attenders has been shown to be eVective in one small trial in the United Kingdom. 10 Manual prompts in medical records to remind health professionals to encourage women to attend for screening before the receipt of their invitation have also been successful. 11 Other than in a small uncontrolled study, 12 however, this approach has not been undertaken with non-attenders. 13 Very few previous studies have included economic evaluations, and no randomised controlled trials have included the cost of additional attendances for screening. 13 In the context, then, of very limited evidence for this target group, 14 this randomised controlled trial evaluated the eVectiveness and cost-eVectiveness of two interventions in primary care aimed at improving the uptake of breast screening among recent non-attenders. The interventions were a letter from the general practitioner and a flag in the notes to prompt the general practitioner or nurse to mention breast screening during routine consultations. The accompanying paper reports on a separate trial that evaluated these same interventions applied to all eligible women in a diVerent group of practices, before their routine invitation for screening. 15
Methods

RECRUITMENT AND ASSIGNMENT
Practices
Four breast screening units (BSUs) that had not met the overall 70% target during the second round of the NHS breast screening programme were approached and agreed to collaborate with the research: South Birmingham; West, North and East Birmingham; North of London and West of London. Within these catchment areas, practices were eligible for inclusion in this trial if their uptake rate was less than 60% in the second round of screening and they were due to be screened as part of the third round of the NHS breast screening programme between October 1996 and June 1997. Practices were excluded if they were fully or mostly computerised and therefore not reliant on paper records, if they had fewer than 100 women aged 50-64 years or if they were included in the parallel trial involving all eligible women. 15 Fringe practices (where practices were responsible to two diVerent health authorities) were also excluded.
It was planned to recruit six practices in each of the West Midlands and London, with a predetermined 1:2 ratio of single:multihanded practices. All 53 eligible practices were invited to participate in the trial. Of the 40 that were not included, almost all either did not respond to the invitation or declined to take part without giving a reason. To compensate for smaller than anticipated list sizes, an additional single handed practice in the West Midlands was recruited from a reserve list. Ethical approval was obtained from the appropriate research ethics committees in the West Midlands and London, and written consent was obtained from all general practitioners in each practice.
Women
Women eligible for this trial were those registered with participating practices who had failed to attend a recent appointment for routine third round breast screening, as notified by the relevant breast screening unit. Exclusions were women who had explicitly refused their NHS breast screening programme invitation, had been removed from the programme by their general practitioner, or were known to have moved away from the area.
Individual women were randomised into one of four groups in a factorial design: control; letter only; flag only; and letter and flag. Individual randomisation was used here rather than randomisation by practice as in the accompanying paper, 15 as it was considered that contamination would be much lower for a trial involving just non-attenders. Randomisation schedules were produced separately for each practice with a random permuted block procedure based on random number tables by two members of the research team involved neither in assessing eligibility nor initiating the interventions. Sealed envelopes and audited time sheets were used, so these schedules were only available to field workers after they had checked the patients' notes for eligibility.
INTERVENTIONS
Content and timing
Breast screening units routinely send reminders to women immediately after a missed appointment, encouraging them to make another appointment. As most women who rebook an appointment do so within 2 weeks, women were randomised 1 month after the failed appointment to allow for rebooking of appointments. Letters were sent and flags placed in the notes at the time of randomisation.
Letter
The systematic intervention was a letter signed by all general practitioners in the practice, encouraging the woman to reconsider her decision not to attend for breast screening (appendix). The letter was accompanied by a translation sheet and an information leaflet. 16 The translation sheet contained a sentence in 14 languages in common use in the practice area, asking women to have the letter translated if they could not read English.
Flag
The opportunistic intervention comprised a yellow card placed in the records of eligible women to prompt health professionals to discuss breast screening at any routine consultation. General practitioners and practice nurses were also asked to oVer the breast screening information leaflet as part of this contact. 16 Integral to the flag was an encounter form designed to enable the health professional to record reasons for previous non-attendance and the duration of the discussion about breast screening. The flags remained in the notes for about 6 months. Flag activation was defined as a flag retrieved where the encounter form had been at least partially completed by the health professional. It was not anticipated that the flag would be activated in all instances where a woman consulted, as the health professional may fail to notice it, or even when they did, they may not consider it appropriate during that consultation given the circumstances.
DATA COLLECTION
Characteristics of general practices
The total number of patients on the list, number of women aged 50-64 years, number of partners, Jarman deprivation scores, practice uptake rates for breast screening in the previous (second) round, and current uptake of cervical screening were ascertained for each eligible practice from the appropriate health authority.
Characteristics of women
For each woman, age and screening history were ascertained, with screening history initially categorised into four groups: first time invitee; called previously but never attended; called previously and had attended; screening history missing. As a result of small numbers, screening history was recoded into three groups for the analysis of this trial: first time; called previously; missing. The last date of contact for a woman with the practice was noted; women who had not consulted in the previous 3 years were classified as infrequent consulters. To investigate additional consultations with general practitioners or practice nurses that women may have made in response to the letter, a 20% random sample of records was drawn from each trial practice, and annual rates estimated from consultations after randomisation made over a 7 month sampling period.
Ascertainment of outcome
The outcome for this trial was attendance for third round breast screening by eligible women at some point in the 6 months after randomisation-that is, between 1 and 7 months after their non-attendance for the initial screening appointment. This information was provided by the breast screening units, and was available for virtually all women in the trial (fig 1) .
STATISTICAL METHODS
Sample size
With a two sided 5% significance level, if the 13 practices provided between 1100 and 1500 eligible women then the trial would have about 85% power to detect diVerences of 3.5%-4.0% in attendance rates, assuming a spontaneous uptake of 3% after non-attendance-that is, to detect diVerences of 3% versus 6.5%-7.0%.
Data analysis
All data analyses were conducted with Stata version 6.0. 17 Descriptive statistics were used firstly to compare the characteristics of participating practices with those of nonparticipating practices and secondly to investigate baseline comparability of the women in the four intervention groups. Attendance rates with exact binomial 95% confidence intervals (95% CIs) were then produced for each intervention group. The primary analyses were intention to treat comparisons of attendance rates for women receiving either the letter or flag intervention versus not receiving the respective intervention. (The very high rate of outcome ascertainment in this trial meant that sensitivity analyses were not required for intention to treat comparisons.) Given the factorial design, the two intervention eVects were obtained from a multiple logistic regression model, adjusting for each other and for practice as the stratifying variable in a fixed eVects model. 18 The adjusted odds ratios (ORs) for attendance and their associated 95% CIs are presented, and the interaction between the two interventions was also investigated. Also, crude relative risks (RRs) and 95% CIs for the eVects of the two interventions were calculated, with the interaction eVect for RRs (95% CIs) estimated from simple stratified analyses.
The secondary analyses comprised firstly a per protocol analysis investigating the impact of flag activation, and then planned subgroup analyses according to whether or not the woman had consulted the practice in the past 3 years, and screening history in three categories. Logistic regression models adjusting for practice were used for all these analyses, with interaction terms for the subgroup analyses. Finally, a Kruskal-Wallis test comparing the four groups was used to investigate the eVect of the letter on (annual equivalent) consultation rates. 
ECONOMIC EVALUATION
An economic evaluation was undertaken from the perspective of the NHS, with costs estimated at 1998-9 prices from published sources. These costs were applied to the following activity data estimated from within the trial: the number of additional attendances generated by the interventions (with the ORs derived from the models presented in this paper); any additional consultations (as a result of the letter); lengthier consultations (as a result of the flag); and the production and administrative processes associated with both interventions. The 20% random sample of records was used to estimate additional consultations, and the increased duration of consultations was estimated from the encounter forms. Although this sampling fraction was determined initially on logistical grounds, there was 80% power to detect an 18% diVerence in the proportion consulting with a two sided 5% significance level. Sensitivity analyses investigated the impact of varying: the cost of production and administrative processes associated with the interventions; the cost of retrieving flags; who activated the flags; and the cost and number of additional attendances (Brown et al, unpublished data).
Results
RECRUITMENT AND REPRESENTATIVENESS OF STUDY PRACTICES AND WOMEN
A total of 53 practices were identified as eligible for inclusion in this trial, of which 13 were recruited (six in north and west London and seven in the west midlands). Table 1 gives details of the participating and nonparticipating practices. In general, the study practices were representative of the population of practices eligible for the trial. Indeed, the only apparent diVerences are in practice size, and these are explainable by the practice sampling procedure, which led to an oversampling of multihanded practices. Within these 13 practices, there were 1350 women who did not attend for their initial breast screening appointment in the third round of screening. Of these, 192 (14%) women were ineligible for the trial, principally because they had explicitly refused their NHS breast screening programme invitation, were known not to be living at the registered address, had recently been screened or referred, were found not to be eligible for their original screening invitation, had died, or had been removed from the programme by their general practitioner. All the remaining 1158 women were randomised (fig 1) .
BASELINE COMPARABILITY
After individual randomisation within practices there were 289 women in the control group, 291 in the letter only group, 290 in the flag only group, and 288 allocated to both interventions (fig 1) . At baseline, the intervention groups were broadly comparable for age, whether or not they had consulted in the past 3 years, and screening history (table 2) .
RETRIEVAL AND ACTIVATION OF THE FLAGS
For the 578 women randomised to receive the flag intervention either alone or in combination with the letter, the flags remained in the notes for a median of 6.2 months (interquartile range 6.1-6.6). A total of 546 flags (94%) were successfully retrieved, with only six returned before the end of the study period (four because the patient had transferred out of the practice and two after the death of the patient). The remaining 32 flags were lost during the study period. Of the 546 available flags, 185 (34%) had been activated; this percentage was very similar for the flag only (35%; 95/274) and the letter and flag groups (33%; 90/272).
PRIMARY ANALYSES
Attendance data were obtained for 1148 (99%) of the 1158 women randomised. During the 6 month follow up period, 112 (9.8%) of these women attended for screening (table 3) . The main comparisons for the two interventions indicate that the proportion attending for screening was 3.5% higher among those sent a letter than among those who were not, and 2.9% higher for those whose notes were flagged compared with those whose notes were not flagged.
From the principal logistic regression model, the letter had a significant and notable (6) 49 (10) *Practices in these areas were recruited from those eligible in the participating breast screening units. †Payments are for the proportion of people resident in a deprived area and paid on a per capita basis. Payments range from low band (least deprived) to high band (most deprived). ‡Calculated from unweighted practice based uptake rates, due to anonymity of data on uptake rates of non-participating practices. Weighting by number of women invited (for 3rd round screening) had virtually no eVect on the statistics for participating practices (mean 50%, SD 5%). 
EVect of flag activation on attendance
Overall, the attendance rate in women who received the flag intervention was 11.2% (table  3) . When the data were analysed according to whether the flag was activated or not there were marked diVerences in attendance rates (table  5) ; there was, however, no diVerence according to whether a practice nurse or general practitioner was consulted at the time the flag was activated (data not shown). A logistic regression analysis restricted to the 573 women who received the flag intervention (with or without the letter) showed that women for whom flags had been activated were much more likely to attend for screening than women for whom flags had not been activated (OR 4.3, 95% CI 2.4 to 7.8, p<0.001). Further explanatory analyses indicated that these two groups of women did not diVer for either screening history or age.
Influences of consultation in the past 3 years and screening history
From logistic regression models adjusting for the other intervention and practice, there was no evidence of diVerential eVects of the two interventions according to either consultation in the past 3 years or screening history. Respectively, the p values for the relevant interaction eVects were 0.26 and 0.44 for the letter, and 0.85 and 0.58 for the flag (ignoring whether or not the flag had been activated).
Impact of the letter on consultation rates
Of the 237 women whose records were sampled, 53% had consulted the practice at least once in 7 months. The letter had no impact on the subsequent consultation ratethe median annual consultation rate was 1.8/year for all four randomisation groups (Kruskal-Wallis test p=0.80). Consultations were therefore not included in the economic evaluation.
ECONOMIC EVALUATION
For an average practice with 89 eligible women, the cost to the health service of the letter intervention would be £113, 51% of which would be borne by the practice. The flag intervention would cost £160 (the practice would incur 78% of this cost), and the combined letter and flag intervention £274 (67% borne by the practice). The costs incurred by the practice principally comprise those associated with administering the interventions and the longer consultations resulting from activated flags. The costs not incurred by the practice relate mainly to additional attendances for screening. The extra total health service cost per additional attendance was £35 for the letter and £65 for the flag. These findings remained essentially unchanged in most of the sensitivity analyses. There were two extreme situations which favoured the flag intervention-either if the administrative costs associated with the letter were more than double those estimated, or if the additional attendances after the letter were calculated by replacing the OR by the lower confidence limit (Brown et al, unpublished data).
Discussion
Among women who have recently failed to attend for breast screening after their routine invitation, attendance was improved by the letter intervention. Although the absolute diVerence (11.5% v 8.0%; table 3) was smaller than the corresponding eVect among all invited women, 15 it is comparable with the trial target diVerence and in relative terms the eVect is substantial (adjusted OR 1.5). Moreover, this finding is consistent with two (lower powered) trials in concluding that letters from the general practitioner to non-attenders are eVective, although attendance in the intervention group was much higher in one of these previous trials (21%) 10 than in either the other (13%) 19 or the present study. Despite a diVerence in attendance rates of nearly 3% (11.2% v 8.3%; table 3) and an adjusted OR (95% CI) of 1.4 (0.9 to 2.1) the flag was not as clearly eVective as the letter. Also, the interaction between the flag and screening history found in the parallel trial 15 was not found here; hence that observation may well have been a chance finding. Flags have not previously been subjected to rigorous evaluation among non-attenders, 13 14 and therefore positive findings based on descriptive accounts 12 should be interpreted with caution.
The equivocal eVectiveness of flags for recent non-attenders may be due to the nature of this opportunistic intervention, which relies in the first instance on women consulting at the practice. Over the 7 month sampling period, 47% of women in this trial had not consulted the general practitioner or nurse. Particularly if computerised, flags could be in place for longer and so provide greater opportunity for activation. As the attendance rate was considerably higher for the (third of) women for whom flags were activated it is possible, if speculative, that flags may be even more eVective than apparent from this trial. Moreover, it was not anticipated that the flag would be activated in all instances where the woman consulted. In the event, this was indeed the case as from the sample of notes obtained, just over half of women in the flag groups had consulted. This would imply that the flag was activated in about two thirds of consultations, and hence again there may be some scope for improvement in practice.
Of the two interventions, the letter was clearly the more cost-eVective in all but extreme situations explored in the sensitivity analyses. For both interventions and particularly the flag, the extra costs to the health service per additional attendance were higher among recent non-attenders than for women before their routine invitation. 15 This is perhaps not surprising as non-attenders might be expected to be less amenable to interventions in primary care (at least in terms of absolute diVerences). This proposition is supported by the statistics about consultations and screening history (table 2) . For instance, a woman in this trial was more than twice as likely to be an infrequent consulter than in the parallel trial of all women eligible for screening. Also, among women invited for screening in a previous round with known history, in the present trial only about one third had attended compared with three quarters in the parallel trial. 15 Given the much smaller numbers of women per practice, the total costs per general practice of interventions targeted at non-attenders were considerably lower than for all invited women. 15 Issues for future research include design of the letter both generally and with respect to languages and translation sheets, particularly bearing in mind the increasing emphasis on informed choice. 4 In a previous trial where practice receptionists contacted non-attending women by telephone to encourage attendance and allay fears, conversations were held in the relevant mother tongue. This produced a 9% uptake compared with 4% among women not contacted by telephone (OR 2.3 adjusted for ethnic group, 95% CI 1.1 to 5.3). 20 In summary, the letter was eVective in increasing attendance for breast screening among recent non-attenders, the flag was of uncertain eVectiveness and was much less cost-eVective than the letter. Considering the four randomisation groups individually, the letter would be anticipated to nearly double subsequent attendance from about 6% in the control group (a spontaneous rate much higher than anticipated) to 11% in the letter only group (table 3) . Generalisability of the trial findings is sustained by the similarity of practices participating in this trial with those eligible but not participating, particularly if the practice sampling procedure is considered (table 1). Internal validity is supported by the high degree of baseline comparability of the women in the four randomisation groups (table  2) , and by the virtually complete ascertainment of outcome (fig 1) . Moreover, the trial shows that an intervention such as the letter is a feasible and acceptable method for the primary care team to encourage attendance for breast screening.
In conclusion, practices should adopt the policy of sending letters to recent nonattenders to encourage subsequent attendance.
We very much hope that you will make it a priority to make a new appointment for breast screening. I enclose a leaflet which explains more about breast screening. If you have any further questions about it, please contact me/us or the local breast screening unit on <BSU telephone number>. Yours sincerely <GP signature> <GP name>
